Turmeric or Curcuma is a natural product that has anti-inflammatory, antioxidant and anti-apoptotic pharmacological properties. It can be used in the control of the aging process that involves oxidative stress, inflammation, and apoptosis. Aging is a physiological process that affects higher cortical and cognitive functions with a reduction in learning and memory, limited judgment and deficits in emotional control and social behavior. Moreover, aging is a major risk factor for the appearance of several disorders such as cerebrovascular disease, diabetes mellitus, and hypertension. At the brain level, the aging process alters the synaptic intercommunication by a reduction in the dendritic arbor as well as the number of the dendritic spine in the pyramidal neurons of the prefrontal cortex, hippocampus and basolateral amygdala, consequently reducing the size of these regions. The present review discusses the synaptic changes caused by the aging process and the neuroprotective role the Curcuma has through its anti-inflammatory, antioxidant and anti-apoptotic actions.
Introduction
Recently, various reports have suggested that there are several nutraceuticals which have an effect on aging, such as Ginkgo Biloba, Resveratrol, and Curcuma. In addition, it is known that all these products also possess antioxidant effects (for review see Chainani-Wn, 2003; Scapagnini et al., 2011; Ghosh et al., 2015; Mazzantiet al., 2016) . At the neuronal level, these food supplements have also been shown to have neuroprotective and neuroreparative effects (for review see Scapagnini et al., 2011; Motaghinejad et al., 2017) . One of these products, in various cultures, is used as a condiment of several foods, the extract of Curcuma longa L. or turmeric, best known as Curcuma.
Curcuma longa L., anative plant of India, is used as a remedy for several health disorders for at least 2,500 years (Gupta et al., 2013) . The main components of this ancestral remedy are aromatic-turmerone (21.4%), alpha-santalene (7.2%) and aromatic-curcumene (6.1%) (Singh et al., 2010; Calapai et al., 2014) . However, several reports suggest that the most active component of Curcuma are the curcuminoids and essential oils (Chainani-Wn et al., 2003; Hassan et al., 2016) . Curcuminoids contain curcumin (diferuloylmethane), desmethoxycurcumin and bisdemethoxycurcumin (Chainani-Wn et al., 2003; Hassan et al., 2016) , but curcumin is the most studied component of the Curcuma for its pharmacological properties and yellow color (Gupta et al., 2013; Chin, 2016; Hassan et al., 2016) .
For its anti-inflammatory and antioxidant properties, Curcuma is used to treat an amazing number of diseases (for review see Kumar et al., 2011; Gupta et al., 2013; Chin, 2016) . Oxidative stress and inflammatory processes have been involved in the pathogenesis of several disorders such as dementia, and therefore this extract is considered a medicine. Recent studies have been reported the effect of Curcuma on the aging process (for review see Trujillo et al., 2014) , with a special focus on the brain. The neural aging process produces a reduction in memory and learning due to anatomical changes such as reduction in the size of the prefrontal cortex (PFC) and hippocampus (for review see Flores et al., 2016a, c) . However, recent reports in animal models have been demonstrated that Curcuma and curcumin, drastically improve the memory process in aging animals (Pyrzanowska et al., 2010; Belviranli et al., 2013; Vidal al et al., 2017) .
Considering the previous information, the present review revises the most relevant reports on the effects of the Curcuma on aging with a special focus on neural connectivity between brain regions implicated in the process of memory and learning.
Main Regions Involved in Cerebral Aging
There are several regions that are related to cognitive changes that occur with aging. However, aging studies are focused on understanding the role of the cortical structures such as the PFC, the hippocampus and basolateral amygdala (BLA), learning and memory process, and knowing what changes these structures undergo with aging (for review see Flores et al., 2016a, c) . Moreover, the intercommunication among these three structures seems to be critical in processes of both spatial memory and object recognition, which declines with brain aging (for review see Flores et al., 2016a, c) . The PFC receives aglutamatergic projection from hippocampus and BLA and sends glutamatergic projection to thalamus and nucleus accumbens (NAcc) (for review see Flores et al., 2016b) . The interaction among the PFC, the dorsal hippocampus and amygdale change throughout life (for review see Flores et al., 2016a, c) . In the aged brain, these structures undergo remodeling which reduces the volume of the hippocampus and amygdala, and reduces the thickness of the PFC (for review see Tabatabeei-Jafari et al., 2015; Gorbach et al., 2017; Tian et al., 2017) . Anatomical and histological studies have demonstrated that the aging hippocampus reduced in size due to neuron loss, especially the CA1 region (for review see Miller and O´Callaghan, 2005) . The reduction in hippocampal size may start during adulthood, but aging accelerates this process and reaches a loss of 0.3 to 2.1% per year (for review see Miller and O´Callaghan, 2005) . The PFC is the region of the brain which is more vulnerable to a decrease in volume with age (for review see Juraska and Lowry, 2012) . These morphological changes are correlated with a decline of the memory process that reduces the life span during old aging (for review see Gorbach et al., 2017) .
Curcuma as a Natural Product
Natural products have been criticized a lot, and it has been suggested that these products may be used for the treatment of a great variety of diseases, which has caused them to be publicized as miracle products. It is important to understand that many natural products exert a well-established action on common processes in various diseases. A wide variety of diseases are known to have inflammatory processes, so all natural products with the anti-inflammatory pharmacological properties may be useful. In relation to Curcuma or turmeric, several reports mentioned its antidiabetic, antihypertensive, anti-fibrotic, anti-ulcer, anti-lupus, and pharmacological properties (Kumar et al., 2011; Hasssan et al., 2016) . However, the beneficial effect of Curcuma is due to its anti-inflammatory, antioxidant and anti-apoptotic properties, by means of which it acts on the complications of various diseases. For example, in the case of diabetes mellitus, there is an increase in blood glucose due to low or null production and release of insulin, which produces a deterioration in all the cells of the body. Turmeric does not modify insulin levels and glucose levels, but through well-demonstrated mechanisms, it reduces inflammatory processes and oxidative stress (Ghosh et al., 2015) , which are present in diabetic patients and are a consequence of the high blood glucose levels. In this sense, it is known that chronic high levels of glucose in blood can lead to alterations at the vascular level, which leads to processes of local ischemia and a production of free radicals and inflammation (for review see Ghosh et al., 2015; Luppi and Drain, 2016; Turkmen, 2017) . Curcuma reduces the complication due to the chronic high level of glycemia in diabetic patients by reducing oxidative stress and/or inflammation and apoptosis in certain tissues of the human body, such as the brain (for review see Patel and Udayabanu, 2017) . As a consequence, Curcuma may be used in the treatment of diabetes mellitus complications (for a review see Rivera-Mancia et al., 2015) .
In a similar vein, Curcuma and other polyphenols such as resveratrol are also used in the treatment of dementia and brain aging process (for review see Flores et al., 2016c; Hernandez-Hernandez et al., 2016; Mazzanti and Di Giocomo, 2016) . Both polyphenols showed antioxidants and anti-inflammatory properties (for review see Suh et al., 2001; Murakami and Ohigashi, 2007; Howes and Simmonds, 2014) .
Neural Changes during the Aging Process
Age changes the structure of the brain, specifically in size, connectivity, and the number of neurons per region. However, the changes are not the same in all regions. There are regions where the changes are very subtle but critical. Many of these changes have been linked to local inflammatory processes, often related to oxidative stress, since with age the cellular mechanisms that attenuate the effects of stress are reduced (for review see Biragyn et al., 2017) . These reasons may suggest that neural aging is a complex biological process due to differences in the stress sensitivity of different regions of the brain. In addition, brain aging is a natural process, not a disease, however, structural change with age increases the risk factor for neurodegenerative diseases such as Alzheimer´s or vascular dementia (for review see Flores et al., 2016a; Bitagyn et al., 2017 ). An increasing number of reports support the association between inflammatory process and neurodegenerative progress (for review see Biragyn et al., 2017) . In the elderly brain, a common denominator is the presence of the inflammation processes. The main reason for this neural disorder is due to the brain having its own immune system (for review see Streit and Xue, 2010) . Interestingly, microglia cells are the main component of the brain immune system. The microglial cells play a critical role in neuroprotection and immunologically competent cells at the same time (for review see Streit and Xue, 2010) . With age, microglial cells also suffer aging, which reduces the function of microglia cells and causes the increase in the microglial cell number (for review see Strait and Xue, 2010) . In addition, the inflammatory process causes an overactivation of the immune system with the increasing number of microglia cells, resulting in a production increase of proinflammatory cytokines that increased susceptibility to neurodegeneration (for review see Strait and Xue, 2010; Deleidi et al., 2015; Rawji et al., 2016) . Moreover, with the age, anti-inflammatory mediators are reduced (Ye and Johnson, 1999; Corbi et al., 2016) .
The oxidative stress process appears when the system is unable to establish a balance between how many oxidizing molecules are produced, and how many are used (for review see Ham and Raju, 2016) . This balance is lost with age, and this allows the accumulation of free radicals such as hydrogen peroxide, hydroxyl radicals, and superoxide anions (for review see Ham and Raju, 2016) . Also, the mitochondrial function is reduced with age, which allows the accumulation of free radicals (for review see Grimm et al., 2016) . When the accumulation of free radicals is higher enough to damage proteins and deoxyribonucleic acid (DNA) and induce lipid peroxidation (for review see Grimm et al., 2016) . This leads to neurodegeneration.
The after effects of oxidative stress, and inflammatory processes, and progressive neurodegeneration lead to loss of synaptic connections in several interconnected brain regions such as the PFC and hippocampus (for review see Kim et al., 2016) . These regions are involved in learning and memory processes, which is mentioned in several neuroimaging studies (for review see Grimm et al., 2016; Benedetto et al., 2017) . In addition, in the hippocampus, chronic stress causes shrinkage of the dendritic arborin the CA3 and DFG neurons and reduces the number of dendritic spines in CA1 neurons (McEwen, 1999a, b; McEwen et al., 2016) . Additionally, stress also increases cortical levels and overwhelms the cortical receptors in the hippocampus. The interaction between glucocorticoids and mineralocorticoids with hippocampal neurons has been well documented (for review see McEwen et al., 2016) . Interestingly, these hormones may mediate biphasic effects on long-term potentiation and long-term depression (Pavlides et al., 1995; McEwen et al., 2016) , both processes are related to the memory process.
In a similar vein, neuroimaging studies have been clearly demonstrated that the aging process causes an enlarged ventricular system (Scahill et al., 2003; Acabchuk et al., 2015; Liu et al., 2017; Madan and Kensinger, 2017) , reduced global cortical thickness (Salat et al., 2004; Espeseth et al., 2008; Liu et al., 2017; Pink et al., 2017) and smaller brain volume (for review see Liu et al., 2017) . Interestingly, the most affected cortical regions are the frontal and temporal cortex (Pink et al., 2017) .
Curcuma Effects on Aging
Considering the aforementioned, it could be postulated that Curcuma, a polyphenol due to its anti-inflammatory and antioxidative properties, has beneficial effects on the aging process, but the pharmacological mechanism that this polyphenol has is still unclear. However, several reports suggest that the anti-inflammatory effect of the Curcuma is because of its antioxidant action. Interestingly, several in vitro studies have demonstrated that curcumin, a component of the Curcuma, may reduce the monocyte chemoattractant / chemotactic protein-1 (MCP-1) production in different cell lines (for review see Kiriman et al., 2016) . Moreover, in vivo studies also suggested that this polyphenol may decrease mRNA expression of MCP-1, interleukin-1β (IL-1β), interleukin-6 (IL-6), and tumor necrosis factor alpha (TNF-α) and ameliorate the enhanced expression of glial fibrillary acidic protein (GFAP) and ionized calcium binding adaptor molecule 1 (Iba-1) in the hippocampus or cerebral cortex in an animal model of epilepsy (an animal model of the brain inflammation) (Kaur et al., 2015) . Considering this information, it is possible to suggest that Curcuma has direct anti-inflammatory effects by reducing glial activation with curcumin as the active ingredient (Kaur et al., 2015) .
In the same vein, several reports also suggested that curcumin may regulate other molecules such as heme-oxygenase-1 (HO-1) and brain-derived neurotrophic factor (BDNF) in the hippocampus (for review see Scapagnini et al., 2011; Corbi et al., 2016) . For example, curcumin causes an increased expression of the neurotrophin, BDNF, in the hippocampus (Xu et al., 2007) . In addition, curcumin plays a critical role in activating the antioxidant enzymes such as glutathione peroxidase (GSH-Px) and glutathione-S-transferase (GST) by targeting the common transcription factor called nuclear factor erythroid 2-related factor 2 (NrF2) (Liby et al., 2007; Tosetti et al., 2009; Wu et al., 2015; Corbi et al., 2016) . In addition, a recent report suggests that curcumin strongly induces HO-1 expression and activity in different brain regions by the activation of heterodimers of the Nrf2/ antioxidant responsive element (ARE) pathway (Scapagnini et al., 2011) . Moreover, Wu et al. (2015) demonstrated that curcumin also increases thioredoxin (Trx) protein expression and Trx enzyme activity in rat cortical neurons. Both proteins, Nrf2 and Trx , have an antioxidant action (Das and Das, 2000; Scapagnini et al., 2011; Ma, 2013; Wu et al., 2015) .
Curcuma Improved Synaptic Connections
Recent reports from our group have shown that aged rats showed a reduced dendritic length and a reduced number of dendritic spine density in limbic regions such as the PFC, hippocampus and BLA with deficits in the memory process (Alcantara-Gonzalez et al., 2010; Juárez et al., 2011; Sanchez et al., 2011; Alcantara-Gonzalez et al., 2012; Hernandez-Hernandez et al., 2016; Solis-Gaspar et al., 2016) . However, the chronic administration of Curcuma improves the dendritic arborization and the number of dendritic spines of the PFC, hippocampus, and BLA in aged animals. These data suggest that Curcuma improved local communication among pyramidal neurons, which was analyzed by measuring the dendritic length in the aforementioned regions. In addition, long distance communication was also evaluated through the analysis of distal dendritic spine density and the results suggested that Curcuma also improved the communication among the limbic regions, especially between the PFC and hippocampus. Therefore, it is possible to suggest that the chronic effect of Curcuma produces a rearrangement at the level of dendritic communication that is reflected with a better memory process, especially long-term memory, as our recent report suggested (Vidal et al., 2017) . According to our Curcuma results, resveratrol, another polyphenol, also causes increases in the dendritic length and dendritic spine density of the pyramidal neurons of layers 3 and 5 of the PFC and CA1 and CA3 of the dorsal hippocampus (Hernandez-Hernandez et al., 2016; Flores et al., 2016c) . Although the mechanism involved in the maintenance of synaptic communication during ag-ing is not clearly described, aforementioned reports show that during aging there is a reduction in neurotrophic factor such as BDNF, and that curcumin has the ability to increase these factors in the hippocampus Choi et al., 2017; Motaghinejad et al., 2017 , Xu et al., 2017 . Moreover, recent reports have demonstrated that curcumin not only increases levels of BDNF in the hippocampus and prefrontal cortex (Xu et al., 2006; Liu et al., 2014 ), but also increases the level of extracellular signal-regulated kinase (ERK) protein in the hippocampus (Liu et al., 2014) and reduces serum corticosterone levels (Xu et al., 2006) in the animal model of chronic stress. High levels of corticosterone in the hippocampus and the PFC with chronic stress cause atrophy of the dendrites of the pyramidal neurons (for review see McEwen, 1999a; McEwen et al., 2016) . Consequently, corticosterone in the rat and cortisol in the human also regulates the dendritic structural plasticity in the hippocampus and the PFC. Another candidate is nitric oxide (NO), and several reports suggest that NO may regulate the dendritic spine number and arborization in the pyramidal neurons of the PFC and hippocampus (for review see Yoshihara et al., 2009 ). For example, increased level of NO by application of a NO donor leads to the formation of dendritic spines (Nikonenko et al., 2008; Yoshihara et al., 2009 ). On the contrary, reduced levels of NO caused by a blockade of neural nitric oxide synthase (nNOS) in neonatal rats by L-NNA result in a decrease in dendritic spine density (Morales-Medina et al., 2007) . However, high levels of NO due to chronic stress by its neurotoxicity may cause a dendritic atrophy (for review see McEwen et al., 2016) . Consequently, NO functional levels are necessary to regulate dendritic morphology, especially, dendritic spine density. Interestingly, curcumin reduced the effects of chronic stress by reducing NO levels in cortical regions (Murakami and Ohigashi, 2007; Choi et al., 2017) .
In response to inflammatory cytokines such as IL-1β and TNF, the levels of ciclooxigenase-2 (COX-2) protein suffer from an increase. However, this protein is an enzyme that transforms arachidonic acid in prostaglandins (PGD, PGI2, and PGE2) (Choi et al., 2017) . The anti-inflammatory effects of curcumin reduce the COX-2 levels through inhibiting the activation of nuclear factor kappa-light-chainenhancer of activated B cells (NF-κB) (Surth et al., 2001; Maher et al., 2010; Shen et al., 2015) . More, curcumin prevents the onset of inflammation also by inhibiting the production of TNF-α and interferon gamma (IFN-γ) (Brouet and Ohlshima, 1995; He et al., 2010) . In addition, chronic stress also increases the COX-2 levels in the cortex and hippocampus (Choi et al., 2017) . However, curcumin ameliorates the effects of chronic stress by reducing the COX-2 levels (Murakami and Ohigashi, 2007; Choi et al., 2017) . In addition, recent reports also suggest that curcumin also reduces hippocampus cell death by reducing the reaction of the astrocytes. This effect is due to a reduction in the upregulation of caspase-3, GFAP, and endothelial constitutive nitric oxide synthase (eNOS) (Shin et al., 2007) . Consequently, Curcuma exerts beneficial effects on the aging brain main through its anti-inflammatory, antioxidant and antiapoptotic properties (Figure 1) .
Conclusions
Several reports suggest that the anti-inflammatory, antioxidant and antiapoptotic pharmacological properties of Curcuma may be beneficial in the brain aging process. Animal models of aging have roundly demonstrated the biochemical and morphological effects of the Curcuma on the PFC and hippocampus which are the regions involved in the memory and learning process. Consequentially, the effects of Curcuma on the processes of memory involve an improvement in the interneuronal communication of both regions. Accord- ingly, Curcuma should be considered as a therapeutic alternative in the control of the aging process with the main aim of improving the quality of life of elderly people.
